Action of the spiropulsator upon the anaesthetic gases.-When the pressure in the spiropulsator rises, the pressure in the glass bulb rises at the same time, the breathing bag is compressed by the air and the anesthetic mixture is pressed -towards the patient's lungs (inspiration). When the pressure has reached a certain height, which is determined by the position of the screw (3), the diaphragm pulls the arm (5) over on so the valve (6) shuts off the inlet of compressed air and valve (7) opens for the outlet of the air. The pressure in the pulsator now drops to the minimum pressure determined by the screw (8). The pressure round the breathing bag decreases accordingly and the bag expands because of the recoil of the lungs (expiration). As the pressure on the diaphragm decreases, the spring (3) will pull the bar (2) towards the right, the arm (5) goes to the right, valve (7) closes and valve (6) opens, compressed air streams in again and a new inspiratory phase starts.
By means of the four screws we can alter (a) the maximum and (b) the minimum pressure, the length of (c) inspiration and (d) expiration.
The anaesthesia is started in much the same way as in England; a preliminary injection of morphine-scopolamine is given, and local anmsthesia of the throat and larynx is carried out with cocaine or pantocaine. Pentothal or similar preparations (such as evipan, the Swedish barbiturate narcotal, or more often the Danish preparations citodan or narcodorm), nitrous oxide-oxygen and ether or cyclopropane forms the anaesthetic. When the anesthesia is quiet and some time before the pleural cavity is opened, the spiropulsator is started. After a few minutes, the respiration becomes controlled and is taken over by the machine.
We start the spiropulsator as nearly as possible at the same speed as the patient's spontaneous respiration, but if it is correctly adjusted the spiropulsator automatically finds the rhythm of the patient's respirations. If the patient expires against the spiropulsator, the pressure inside this will rise very quickly and the latter will "click over" to the expiratory phase.
Crafoord has used this machine for several hundred major thoracic operations.
In Copenhagen we have used it for about 150 cases. The "Respirator" designed by the writer.-Having learned the rather complicated method in Stockholm from Crafoord and his anesthetist (Doctor T. Gordh), I have used it in Copenhagen with excellent results for years. During the war, however, it was almost impossible to import Swedish machines, and as in any case, the machine seemed unnecessarily complicated, I started some experiments in 1940 to adapt the gas-oxygen machines in Denmark (mostly McKesson Nargraf) on similar lines and at the same time to simplify the working principles.
The final machine which I thus evolved contains an electrically driven piston-pump which is inserted into a closed circuit instead of the breathing bag ( fig. 2 ).
An electric motor acts via a worm gearing and a friction clutch on a crank, the pitman of which is connected to one of the arms of a two-armed lever. The other arm of this lever moves via a piston-rod the piston of a single-cylinder pump up and down.
The speed of the pump (i.e. the frequency of the controlled respiration) is regulated by means of a variable electric resistance, mounted in its own box, connected with the anesthetic apparatus only by a wire (fig. 3 ), so that one can stand where convenient and watching the frequency of the patient's active respiration adjust the speed of the controlled respiration accordingly.
The clutch is inserted in the slowly moving axle beyond the worm gearing. The friction in the clutch can be conditioned as desired.
The pitman is made of two parts ordinarily in connexion, but which can be disconnected if the supply of electricity should fail (as happened several times during the war) or if something else should happen to the motor. If so, one can continue giving controlled respiration either by working the arm up and down by hand or by the foot or by squeezing the breathing bag by hand.
The pitman is connected to the lever in such a way that the connecting point may be moved along the latter while the machine is working. If the connexion is moved 605 away from the axis of the lever, the stroke of the piston will decrease until a minimum of 500 c.c. is reached; if the connexion is moved towards the axis, the stroke will increase up to 1,000 c.c.
One-half of the lever is curved. If the lever were wholly straight, the piston would only reach the bottom of the cylinder in one position of the connexion. With the lever bent as a part of a circle concentric with the crank, the piston will reach the bottom of the cylinder whatever the position of the connexion of the pitman (that is, with all stroke-volumes). The dead space will thus be as small as possible.
The cylinder is a simple one without any valves. The pressure of the gases delivered from the pump can be read on a combined pressure and vacuum gauge and varies from about+8 mm.Hg during inspiration to about -3mm.Hg during expiration.
Just above the breathing bag is a mechanism which enables one to disengage the bag from the closed circuit and, instead, engage the respirator.
The whole respirator is built on a little trolley which can be placed a metre or so away from the anxsthetic machine. This distance, plus earthing, ensures against explosion risk.
The anasthesia is induced as already described. When the respiration is to be controlled, one can either compress the bag until active movemenits of respiration have ceased and then switch on the respirator, or switch the respirator on straight away. The latter is in fact the easier manceuvre, the motor is started before it is connected to the closed circuit, and the speed adjusted to the speed of the patient's respiration. The clutch is then loosened and the respirator switched into the closed circuit instead of the breathing bag. After the lapse of some minutes, the respirator takes over the respiration of the patient. If during this time the speed of the respirator does not exactly coincide with the speed of the patient's respirations, the difference is eliminated by the clutch. As a matter of fact it is astonishing how little it matters if there is a difference between these two frequencies. After a short fight the patient gives up and the respirator wins.
Safeguards are already present in the MVIcKesson machine against too-violent action of the respirator, that is either too much suction or too much compression.
The minimum pressure.-If one places the pressure dial on the McKesson machine between "Off" and "O0" mm.Hg, the suction will be very little-about 3 to 5 mm.Hg. It can be read on the manometer of the respirator and adjusted on the pressure dial of the McKesson apparatus.
The maximum pressure is limited by the usual McKesson expiratory valve, set to the desired pressure-about 8 to 10 mm.Hg. The McKesson rebreathing bag is opened fully, but the spring is set to say 10 mm.Hg, thus acting as an elastic "buffer" against unexpected sudden changes in pressure.
The McKesson oxygen-percentage-dial is set to a high figure, about 50%, so that if (and when) the respirator sucks from the anasthetic machine the oxygen content of the gases supplied will be on the safe side. Apart from these adjustments the McKesson machine with closed circuit is used in the usual way with a continuous supply of basal oxygen, about 300 to 500 c.c. per minute.
Since November 1942 this respirator has been used in 300 cases of major thoracic operations, such as lobectomies, pulmonectomies, ligations of ductus arteriosus, diaphragmatic hernias and transthoracic resections of the upper part of the stomach. The anmsthesias have been quiet, the patients' condition good and the working conditions for the surgeon excellent since the controlled respiration gives such a quiet field.
Differences between the Swedish and the Danish machines.-In the Swedish machine the anwsthetic gases are forced into the patient's lungs during inspiration, but escape during expiration passively by means of the elasticity of the lungs and the thorax.
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In the Danish machine the gases are pumped in during inspiration and sucked out during expiration.
Advantages of the automatic machines are the same as of controlled respiration by other means. In addition:
(1) The ventilation can be maintained at a sufficient and fixed level, more accurately than by manually controlled respiration.
(2) The ventilation can easily be changed, little or much, either in frequency and/or depth.
(3) The nerve-impulses from the operation field arise at constant intervals, as in normal respiration; this has presumably a certain importance in diminishing the neurogenic shock from the operation and in maintaining the normal tone of the circulatory medullary centre.
(4) The respiratory part of the circulation, i.e. the venous return of blood to the heart, is supported by the changing pressure inside the thoracic cavity, presumably mostly where positive pressure alternating with suction is applied, as in the Danish machine.
(5) During a thoracotomy when an automatic machine is used, the respiratory movements are very small and take place in an exactly regular rhythm. This is a great help to the surgeon and makes his job easier.
(6) During these extensive and dangerous operations the anesthetist has much to do. Besides guarding the patient and running the anesthetic he must watch the transfusion and use his general skill to counteract anything which might disturb the smooth course of the operation. The automatic machines allow the anesthetist more freedom; he can, without decreasing the ventilation, move from the head of the patient if his help is needed elsewhere in the theatre. He will also have more time for making records.
(7) The ventilation can be recorded exactly, which is of interest both clinically and scientifically.
